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Introduction

Diabetes mellitus (DM) is a group of metabolic diseases

of hyperglycemia resulting from defects in insulin secretion

and/or insulin action [26]. DM is classified into two types:

type 1 DM (T1DM) and type 2 DM (T2DM) [1, 15]. T1DM is

a chronic disease that results from the autoimmune

destruction of insulin-producing beta cells in the pancreas;

several autoantibodies such as glutamic acid decarboxylase

antibody, islet cell antibody, and IA-2 antibody are

considered specific to T1DM [2, 7, 9, 12, 24]. T2DM is a

common endocrine disorder that accompanies pluralistic

mechanisms. These mechanisms involve resistance to

insulin action, increased production of hepatic glucose, and

a defect in insulin secretion, all of which contribute to the

growth of obvious hyperglycemia [13]. All patients with

T1DM require insulin therapy, and a large percentage of

T2DM patients will ultimately require insulin therapy as

well [14].

In mammals, insulin is produced in beta cells located in

the Langerhans islets of the pancreas [19]. Insulin regulates

the metabolism of carbohydrates and fats to maintain
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Glargine insulin is a long-acting insulin analog that helps blood glucose maintenance in

patients with diabetes. We constructed the pPT-GI vector to express prepeptide glargine

insulin when transformed into Escherichia coli JM109. The transformed E. coli cells were cultured

by fed-batch fermentation. The final dry cell mass was 18 g/l. The prepeptide glargine insulin

was 38.52% of the total protein. It was expressed as an inclusion body and then refolded to

recover the biological activity. To convert the prepeptide into glargine insulin, citraconylation

and trypsin cleavage were performed. Using citraconylation, the yield of enzymatic conversion

for glargine insulin increased by 3.2-fold compared with that without citraconylation. After

the enzyme reaction, active glargine insulin was purified by two types of chromatography

(ion-exchange chromatography and reverse-phase chromatography). We obtained recombinant

human glargine insulin at 98.11% purity and verified that it is equal to the standard of human

glargine insulin, based on High-performance liquid chromatography analysis and Matrix-

assisted laser desorption/ionization Time-of-Flight Mass Spectrometry. We thus established a

production process for high-purity recombinant human glargine insulin and a method to

block Arg (B31)-insulin formation. This established process for recombinant human glargine

insulin may be a model process for the production of other human insulin analogs.
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blood glucose levels by elevating the uptake of glucose

from the blood to muscles and fatty tissue [42]. Human

insulin is composed of two polypeptide chains, the A- and

B-chains, which are linked together by disulfide bonds; it

has a molecular mass of 5,808 Daltons, consisting of 51

amino acids. Insulin was originally extracted from bovine

and porcine pancreata for use in patients with diabetes.

Nowadays, biosynthetic human insulin is manufactured

by recombinant DNA technology, which has led to the

availability of insulin analogs such as glargine insulin [34].

All insulin analogs are produced in Escherichia coli or yeast

and modified from the human insulin gene using genetic

engineering techniques. In commercial production, insulin

lispro, glulisine, and glargine are expressed in E. coli, and

insulin aspart and detemir are expressed in Saccharomyces

cerevisiae [3]. Amino acid substitution in insulin analogs such

as glargine insulin and insulin detemir allows a longer

duration and a slower onset of action [33, 46]. Insulin glargine

has two additional arginine residues (two positive charges)

and one amino acid modification from Asn to Gly, as

compared with insulin. These modifications result in a

change of the isoelectric point from a pH of 5.4 (human

insulin) to 6.7 (human insulin glargine). They make the protein

less soluble in the physiological pH of subcutaneous tissue

and more soluble in slightly acidic condition. Insulin glargine

is a clear solution at pH 4.0, but it forms a precipitate at

physiological pH 7.0 after subcutaneous injection. The

physical structure of the insulin hexamer with zinc ion can

influence the mechanism of precipitation and the kinetics

of its absorption and dissolution. As a result, the

subcutaneous injection of insulin glargine is seen as a

delayed and prolonged absorption from the injection site

[17]. Glargine insulin, a long-acting insulin analog (Lantus;

Aventis Pharma), was approved for use in patients with

T1DM and T2DM by the European Agency for the

Evaluation of Medicinal Products in June 2000, and by the

US Food and Drug Administration in April 2000 [6]. It is

similar to human insulin in structure, except for the

addition of two arginine (RR) residues at the B-chain

C-terminus and the replacement of A21 amino acid from

asparagine to glycine in the A-chain (Fig. 1). It has a 24 h

duration of action with no peak and shows good glycemic

control. It reduces the incidence of nocturnal hypoglycemia

[35]. The commercial manufacture of glargine insulin

employs two recombinant microbial hosts, namely E. coli

and Pichia pastoris. Trypsin cleaves the C-terminus of both

lysine and arginine residues [33]. Since the glargine B-chain

has several internal arginine and lysine residues, a number

of impurities are generated following trypsin treatment [45].

E. coli is the most widely used host for producing

recombinant proteins and for metabolic engineering,

because it is easy to handle and incurs less incubation

costs. In addition, E. coli genes can be easily manipulated.

High cell density fermentation of recombinant E. coli is an

effective process for enhancing the final concentration and

production of the protein product. In the high cell density

fermentation, cells are placed in adverse conditions such as

nutrient depletion, exhaustion of dissolved oxygen, elevated

osmotic pressure, and by-product formation. To resolve

these problems, the fed-batch fermentation has applied

feeding strategies, including constant feeding, exponential

feeding, and indirect feeding such as pH-stat and DO-stat

[22, 25, 39, 41].

Citraconylation is the additive of one or more citraconyl

groups into a material by acylation reaction [40]. Citraconic

anhydride is usually used to citraconylate primary amino

Fig. 1. Structure of glargine insulin.
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groups and free lysine residues of the target protein. The

citraconylated lysine residues are not recognized by

trypsin, and the adjoining peptide bonds are able to

withstand trypsin hydrolysis [5, 20, 31]. 

In this study, we focused on developing a fermentation

and purification process for high-purity recombinant glargine

insulin in E. coli. Accordingly, we performed the fed-batch

fermentation for high-level expression of recombinant

glargine insulin, and we identified the major impurity, Arg

(B31)-insulin, and used citraconylation to minimize the

amount of impurities in order to obtain high-purity glargine

insulin.

Materials and Methods

Construction of pPT-GI Vector Expressing Glargine

The pPT-GI vector was constructed to express the prepeptide

fusion glargine insulin in E. coli. The coding region for glargine

insulin was amplified with human insulin c-DNA in our previous

report [43] by using the polymerase chain reaction (PCR). Primer

sequences are as follows: Forward primer: 5’-TAT ACA TAT GAC

CAT GAT TAC GAA TTC C-3’; Reverse primer: 5’-GGG TAC

TCG AGC ACT CAG CCG CAG-3’. PCR products were cleaved

with restriction enzymes NdeI (Elpis Biotech, Korea) and XhoI

(Elpis Biotech, Korea) and then electrophoresed on 1% agarose gel

to isolate a gene segment of about 300 bp. (The respective

restriction site sequences for NdeI and XhoI are underlined.) The

isolated cDNAs were subcloned between the NdeI and XhoI sites

of the pPT vector. The constructed pPT-GI vectors were

transformed into E. coli JM109 (RBC Bioscience, Taiwan). 

Expression of Prepeptide Fusion Glargine with Fermentation

The transformed E. coli cells containing pPT-GI vector were

cultured at 37°C for 19 h in 10 ml of Luria-Bertani (LB) medium

supplemented with 50 μg/ml ampicillin (Sigma-Aldrich, USA), as

a seed for the main culture for glargine insulin. The cultured cells

were inoculated into 1 L of fermentation medium (tryptone 10 g/l,

yeast extract 5 g/l, NaCl 5 g/l, K2HPO4 5 g/l) in an aerated 2.5 L

fermentor (Sartorius-Stedim Biotech, USA). After 12 h culture at

25°C, the temperature was raised to 30°C. The fermentation

temperature was then raised from 30°C by about 2.3°C every 2 h

when the absorbance was at least 10 and finally E. coli cells were

cultured at 37°C. During the fermentation, cells were fed glucose

and NH4OH as nutrients and to maintain the pH at 6.9, and pO2

was kept at 30%.

Purification and Washing of Inclusion Bodies Containing

Prepeptide Fusion Glargine

The cells were harvested by centrifugation at 20,000 ×g for

30 min. The cells were resuspended in 20 ml of resuspension

buffer (10% sucrose, 0.1 M Tris, 50 mM ethylenediaminetetraacetic

acid (EDTA), 0.2 M sodium chloride, pH 7.9) per 1 g of cell weight.

Resuspended cells were disrupted by sonication (Sonics &

Materials Inc., USA) and centrifuged at 20,000 ×g, 4°C for 30 min

to collect inclusion bodies. The inclusion bodies were collected,

and soluble proteins and some of the cell debris were removed by

centrifugation [27]. After centrifugation, the supernatant was

discarded and the precipitate was collected. The collected

inclusion bodies containing prepeptide fusion glargine insulin

were washed with 30 ml of inclusion body washing solution

(20 mM Tris, 1 mM EDTA, 0.02% lysozyme, 1% Triton X-100,

0.5 M urea) per 1 g of precipitate, and the washed inclusion bodies

were collected by centrifugation at 20,000 ×g, 4°C for 30 min [17].

Lastly, the inclusion bodies were washed with 30 ml of deionized

water per 1 g of precipitate and collected by centrifugation at

20,000 ×g, 4°C for 30 min.

Direct Refolding of Prepeptide Fusion Glargine

The washed inclusion body was solubilized with solubilization

buffer solution (8 M urea, 10 mM glycine, pH 10.6). The inclusion

body solution was diluted with refolding buffer solution (0.6 M

urea, 10 mM glycine, pH 10.6) to a final protein concentration of

0.5 mg/ml. The refolding buffer containing inclusion body was

incubated in 0.1 mM β-mercaptoethanol at 4°C for 24, 48, 72, and

96 h. After the refolding reaction, the refolding solution was

adjusted to pH 4.5 with 5 N HCl and centrifuged at 20,000 ×g, 4°C

for 30 min. The supernatant containing the refolded peptide

fusion glargine was collected and the precipitate was removed.

Conversion into Active Glargine Insulin by Protease Cleavage

with Citraconylation

Borate (20 mM) was added to the refolded peptide fusion

glargine solution. The pH of the solution was adjusted to 8.5, and

citraconic anhydride (Thermo Fisher, USA) was added (4.26 g per

1 g protein). The solution was incubated with stirring at 25°C.

After 2 h, 9 units of trypsin (Sigma-Aldrich, USA) was added per

1 mg protein and the solution was incubated at 25°C for 5 h. The

pH of the enzyme-reacted solution was then adjusted to 8.5 with

10 N NaOH. For deacylation, the acidity of the glargine insulin

solution was changed to pH 2.5 by adding glacial acetic acid and

then the solution was incubated at 25°C for 5 h.

Zinc and pH Precipitation

Zinc chloride solution (18%) was added to the converted glargine

insulin to a final concentration of 0.1%. The glargine insulin

solution was adjusted to pH 6.1 and incubated at 4°C for 16 h and

then centrifuged at 20,000 ×g for 30 min. The supernatant was

removed and the precipitate containing glargine insulin was

collected. The pellet containing human glargine insulin was

resolved with sample buffer (7 M urea, 0.25 M acetic acid, pH 2.5)

for ion-exchange chromatography.

Cation-Exchange Chromatography

We performed cation exchange chromatography with the soluble

glargine insulin in the sample buffer using a cation column packed

with Sp Sepharose Fast Flow resin (GE Healthcare Bio-Sciences,
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USA) into XK 16 columns (GE Healthcare Bio-Sciences, USA) on

an AKTA avant (GE Healthcare Bio-Sciences). The protein solution

was loaded at a flow rate of 1 ml/min on a 50 ml SP Sepharose

column equilibrated at a flow rate of 5 ml/min with 10 CV

(column volume) equilibration buffer (7 M urea and 0.25 M acetic

acid, pH 2.5). The column was washed at a flow rate of 5 ml/min

with 10 CV elution buffer A (7 M urea and 0.25 M acetic acid,

pH 2.5), and then bound proteins were eluted at a flow rate of

5 ml/min with 6 CV elution buffers A and B (7 M urea, 0.25 M

acetic acid, and 1 M sodium chloride, pH 2.5) by application of a

linear gradient (0-1 M NaCl). The eluent was monitored at

280 nm and each peak was collected in fraction tubes. The

collected fractions were analyzed by HPLC with a Protein &

Peptide C4 analytical column.

Preparative High-Performance Liquid Chromatography (Prep-HPLC)

The fractions collected by cation-exchange chromatography that

contained more than 60% purity of glargine insulin were pooled

based on the purity of HPLC analysis. Prep-HPLC was carried out

on an Agilent 1200 system (USA) equipped with a C8 prep HT

column (21.2 mm × 150 mm, particle size 5 μm) (Agilent

Technologies, USA). Solvent A was prepared with 0.25 M acetic

acid and 15% acetonitrile (ACN) and solvent B was prepared with

0.25 M acetic acid and 45% ACN. The column was equilibrated at

a flow rate of 3 ml/min with 10 CV solvent A and the collected

protein was loaded onto the column at a flow rate of 1 ml/min.

After washing at a flow rate of 3 ml/min with 10 CV solvent A,

bound proteins were eluted at a flow rate of 3 ml/min with 6 CV

solvent A and B by application of a linear gradient (0%-70%

solution B). The eluent was monitored at 280 nm and each peak

was collected.

Condition for Analytical HPLC and MALDI-TOF Mass Spectrometry

Glargine insulin was analyzed by the HPLC system (Waters,

USA) equipped with a Protein & Peptide C4 analytical column

(250 mm × 4.6 mm, particle size 5 μm) (Grace Vydac, USA). Buffer

A was prepared with 50 mM NaH2PO4·H2O, 0.1 M NaClO4, pH 2.5,

and buffer B with ACN. The flow rate was 1 ml/min and the

gradient condition was as follows: the gradient started with 90%

buffer A and 10% buffer B mobile phase and then linearly

increased to 80% buffer B in 30 min. After injection of 20-μl

samples, absorbance at 214 nm was monitored by a UV detector

(Waters, USA). 

Purified glargine insulin was analyzed by MALDI-TOF/MS

with technical assistance from Gyenggi Bio Center (Korea), using a

Ultraflex III-MALDI TOF mass spectrometer (Bruker Daltonik

Inc., USA).

Results and Discussion

Construction of pPT-GI Vector and Expression of Prepeptide

Fusion Glargine

To express the recombinant prepeptide fusion glargine in

E. coli, pPT-GI vector contains the P2 promoter; its

transcriptional activity is controlled in response to growth

rate, amino acid starvation, and rRNA gene dose [29, 36]

and the lac operator, which regulates the activity of the

structural genes of the lac operon. Recombinant prepeptide

fusion glargine was successfully expressed in the fed-batch

fermentation of recombinant E. coli JM109/pPT-GI with

temperature shift processes from 30°C to 37°C [44].

The final optical density at 600 nm reached 50 after 28 h

of fed-batch fermentation. The total dry cell mass of

cultured cells was 18 g from 1 L culture broth (Fig. 2A). We

performed SDS-PAGE to determine the time course of

expression during cell culture; a sample was collected at

each time point after raising the temperature. The SDS-

Fig. 2. Cell culture and expression of prepeptide fusion

glargine.

(A) The temperature-shift fermentation curve of prepeptide fusion

glargine. The temperature was increased to 37°C at 23 h in order to

express prepeptide fusion glargine. (B) SDS-PAGE analysis of the

expressed prepeptide fusion glargine insulin by culture time. (C) SDS-

PAGE analysis of prepeptide fusion glargine insulin during inclusion

body washing. Lane 1: total cell lysate of induced prepeptide fusion

glargine insulin, Lane 2: 1st inclusion body washing with washing

buffer, Lane 3: 2nd inclusion body washing with washing buffer,

Lane 4: 1st inclusion body washing with deionized water, Lane 5: 2nd

inclusion body washing with deionized water, Lane 6: 2nd inclusion

body washing with deionized water. Arrows indicate the prepeptide

fusion glargine.
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PAGE analysis showed that the expression of prepeptide

fusion glargine was significantly increased after raising the

temperature to 37°C (Fig. 2B). The content of the prepeptide

fusion glargine was 38.52% of the total protein. The

molecular mass of the expressed prepeptide fusion glargine

was around 12 kDa.

Washing of Inclusion Bodies Containing Prepeptide Fusion

Glargine

The separated inclusion bodies containing prepeptide

fusion glargine were washed with washing solution in order

to remove the components of the cell wall and membrane.

The cell wall of E. coli is constituted of phospholipid,

protein, peptidoglycan, etc. Thus, Triton X-100, lysozyme,

and EDTA were used as washing reagents [10]. Triton X-

100 can remove phospholipid [28], and lysozyme can

cleave the backbone of peptidoglycan. The action site of

EDTA is the site of insertion of lipopolysaccharide into the

outer membrane [38]. The results of SDS-PAGE analysis

during inclusion body washing are shown in Fig. 2C. The

purity of inclusion bodies containing prepeptide fusion

glargine gradually increased during the inclusion body

washing.

Direct Refolding of Prepeptide Fusion Glargine

In vitro folding of the inclusion body was performed

with denaturant, a reducing agent for appropriate disulfide

bond formation [23]. The washed inclusion body was

solubilized with solubilization buffer solution. The inclusion

body solution was diluted with refolding buffer solution to

a final protein concentration of 0.5 mg/ml. The refolding

yield was 82.1%, and it was best at 48 h based on the

experiments in various reaction times (data not shown).

The optimal refolding time was similar to that of human

insulin. After the refolding reaction, the refolding solution

was adjusted to pH 4.5 and centrifuged to remove misfolded

protein, and the supernatant containing the refolded

prepeptide fusion glargine was collected. The optimal pH

for removing misfolded analog shifted from 5.5 for insulin

to 4.5 for insulin glargine. The recovery of insulin glargine

was 92.3% and the content of the impurity was a minimum

at pH 4.5.

Conversion into Active Glargine Insulin by Protease

Cleavage with Citraconylation

Trypsin is one of the most specific proteolytic enzymes

and is most frequently used in protein modification. It is a

member of the serine endopeptidase family S1, which

cleaves peptide bonds specifically at the C-terminal side of

arginine and lysine residues. The substrate-binding site of

trypsin has a negative charge due to the Asp-189 residue

(in bovine trypsin), which specifically binds to positively

charged amino acid side chains of the substrate via ionic

interaction [11,16]. Since trypsin only cuts peptide bonds

behind positively charged residues, trypsin cleavage sites

can be modified by the addition or deletion of positive

charges [20]. The hydrophobicity analysis for prepeptide

fusion glargine was performed. The GRAVY value for

prepeptide fusion glargine was -0.39, and the prepeptide

fusion insulin was -0.41. That meant the prepeptide fusion

glargine was more hydrophobic than the prepeptide fusion

insulin [37]. Therefore prepeptide fusion glargine had

different characteristics for refolding and protease cleavage

compared with human insulin. Citraconylation is the

adoption of one or more citraconyl groups into a substance

by the acylation reaction. Citraconic anhydride is often

used to citraconylate free arginine and lysine residues and

the target protein’s primary amino groups [43]. Citraconic

anhydride modifies the protein’s primary amino groups at

pH higher than 8, whereas incubation at pH 4 or lower

leads to complete removal of citraconyl groups [18, 31].

Modification of arginine residues on the protein surface

with citraconic anhydride changes the positive charge of

arginine residues to negative, which protects them from

the attack of trypsin enzyme [20, 28].

The major impurity, Arg (B31)-insulin, is formed by the

trypsin-mediated elimination of Arg 32 in the B-chain

during the production of glargine insulin. Arg (B31)-insulin

is very similar to glargine insulin in physicochemical

characteristics, so it is hard to separate during the purification

process. Therefore, blocking Arg (B31)-insulin formation

during the enzymatic modification is requisite in order to

develop a cost-effective process for glargine insulin

production. To minimize the amount of Arg (B31)-insulin,

we performed citraconylation and deacylation during trypsin

cleavage of recombinant prepeptide fusion glargine.

Citraconylation of prepeptide fusion glargine by the

addition of citraconic anhydride before trypsin treatment

substantially reduced the content of Arg (B31)-insulin. To

verify the effect of citraconylation on blocking the formation

of Arg (B31)-insulin, the enzyme reactions were conducted

without and with citraconic anhydride (Fig. 3). The

percentages of Arg (B31)-insulin formed were 72.5% without

citraconylation and 12% with citraconylation in the enzyme

reaction. The formation of Arg (B31)-insulin was higher

than that of insulin glargine without citraconylation. The

reason for the high formation level of Arg (B31)-insulin

was caused by the sequence of amino acid. The B33 amino
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acid was Glu for the prepeptide fusion glargine. It is

considered that the cleavage substrate 1 for trypsin, peptide

1 – Arg – Arg - peptide 2 was more sensitive than the

cleavage substrate 2 for trypsin, peptide 1 – Arg – Glu -

peptide 2. However, the modification of prepeptide fusion

glargine with citraconylation changed the substrate

sensitivity, so formation of the impurity was decreased

dramatically. The adequate amount of addition of citraconic

anhydride was 4.26 g per 1 g protein.

After the enzyme reaction, citraconylated glargine insulin

has to be transformed into the native form. The optimal pH

of deacylation was 2.5. When the deacylation was performed

at 25°C, it was completed in 5 h. Using deacylation, the

natural glargine insulin was recovered from modified

glargine insulin after the enzyme reaction. Because of

citraconylation, the formation of Arg (B31)-insulin was

reduced and the enzymatic conversion yield of glargine

insulin increased by 3.2-fold compared with that without

citraconylation.

Purification of Glargine Insulin on Cation-Exchange and

Reverse-Phase Chromatography

Glargine insulin transformed by trypsin was precipitated

with zinc at pH 6.1 and then obtained by centrifugation.

The collected glargine insulin precipitate was resolved

with sample buffer (7 M urea, 0.25 M acetic acid, pH 2.5).

Ion-exchange chromatography is commonly used to

remove protein derivatives and soluble aggregates during

recombinant protein purification [4, 8]. Thus, we carried

out cation-exchange chromatography with the resolved

glargine insulin in sample buffer. Elution was accomplished

with a linear gradient, ranging from 0 to 1 M sodium

chloride, and then the major peak of glargine insulin was

eluted from around 0.6 to 0.75 M NaCl. Fig. 4A shows a

cation-exchange chromatogram from the SP Sepharose

resin column and the result of HPLC analysis of the

fraction. The fractions of glargine insulin were pooled at

above 60% purity on the chromatogram.

To increase the purity of glargine insulin, the pooled

glargine insulin solution prepared from the cation-exchange

chromatography was loaded onto the reverse-phase

chromatography column. Elution was accomplished with a

linear gradient, ranging from 15% to 36% ACN. Fig. 4B

displays the preparative HPLC chromatogram from the C8

prep HT column and the results of the HPLC analysis of

the collected glargine insulin fraction. The main peak of

glargine insulin eluted between 28% to 30% ACN. The high

purity (over 95%) of the main peak was pooled.

Fig. 3. HPLC chromatogram of peptide fusion glargine

digested by trypsin in the absence (A) and presence (B) of

citraconic anhydride. 

Arrows indicate Arg (B31)-insulin (1) and glargine insulin (2).

Fig. 4. Cation-exchange chromatography with an SP Sepharose

resin column (A) and preparative high-performance liquid

chromatography with a C8 prep HT column (B). 

Arrows indicate human glargine insulin (1), concentration of buffer B

(%) (2), and conductivity (3).
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The purity of the final glargine insulin product was

98.11% (included 1.96% desamido insulin) based on the

HPLC chromatogram from a Protein & Peptide C4

analytical column (Fig. 5A). In addition, we compared the

chromatogram of glargine insulin product with that of

Lantus (Sanofi Aventis, FR), as a standard. The retention

time was 21.12 min for the purified recombinant glargine

insulin, 20.72 min for Lantus, and 20.68 min for the mixture

(Fig. 5). Even though the retention times of the purified

recombinant glargine insulin and Lantus (as a standard)

were not consistent, we considered that the final purified

glargine insulin was equal to the standard because the

chromatogram of the mixture showed one peak (Fig. 5C).

Other peaks were the desamido glargine insulin, some

impurities, and the excipient.

To identify the molecular weights of the obtained products,

the purified glargine insulin and Arg (B31)-insulin, we

analyzed them by Matrix-assisted laser desorption/ionization

Time-of-Flight Mass Spectrometry(MALDI-TOF/MS). Each

of the graphs shows mass ions at 6063.26 and 5908.82 m/z,

which were identical to the theoretical values for glargine

insulin and Arg (B31)-insulin, respectively (Fig. 6). 

Finally, we summarize the production process for

recombinant glargine insulin. After fermentation, we

performed cell lysis, refolding, citraconylation, and

bioconversion. Then we carried out two-step chromatography,

cation-exchange and reverse-phase chromatographies, to

obtain the high-purity recombinant human glargine insulin.

The purpose of this study was to establish a production

process for high-purity recombinant human glargine

insulin and a method to block Arg (B31)-insulin formation.

We expressed a large amount of prepeptide fusion glargine

insulin in E. coli using the fed-batch culture method. We

also successfully reduced the main impurity, Arg (B31)-

insulin, by using the citraconylation method. The established

process for recombinant human glargine insulin production

may be a model process for the production of other human

insulin analogs.

Fig. 5. HPLC chromatogram for recombinant human glargine

insulin (A), the standard of human glargine insulin (Lantus)

(B), and the mixture of recombinant human insulin and

standard (C). 

Arrows indicate human glargine insulin (1), desamido glargine

insulin (2), excipients of Lantus (3), Lantus (4), and glargine insulin +

Lantus (5). Glargine insulin: 98.11% (included 1.96% desamido

glargine insulin).

Fig. 6. Mass spectrum of purified recombinant glargine insulin

(A) and Arg (B31)-insulin (B).
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